How competition, as influenced by sward height and of legumes on these landscape positions. 'Marathon'), alfalfa (M. sativa 'Alfagraze'), and birdsfoot tre-1983). Through symbiotic N 2 fixation with rhizobial bacfoil (L. corniculatus 'Norcen') was no-till drilled using a cone teria, legumes increase soil mineral N (Heichel, 1985) .
MATERIALS AND METHODS

L
seeder (Almaco, Nevada, IA) into a cool-season grass pasture
The transfer of N, from the decomposition of roots and composed of three cool-season grasses: smooth brome (Broleaf residues of legumes, improves the nutritional value mus inermis Leyss.), Kentucky bluegrass (Poa pratensis L.), and reed canarygrass (Phalaris arundinacea L.). The legumes and growth of the grass (Heichel and Henjum, 1991) .
were sown at 582 PLS m Ϫ2 of red clover, 587 PLS m Ϫ2 of Legumes also are higher in crude protein than are alfalfa, and 568 PLS m Ϫ2 of birdsfoot trefoil. On a PLS basis, grasses (Van Soest, 1982) , and their establishment with these rates corresponded to 11.3 kg ha Ϫ1 red clover, 12.6 kg cool-season grasses can improve the seasonal distribu- We conducted the experiment in a randomized complete August, all plots were cut at 13 cm. The 5 and 13-cm height block. Four replicated blocks were established on each landtreatments consisted of clipping the grass with a sickle bar scape position, and separate blocks were established for each push mower and lightly hand-raking the plots. Mowing did seeding year. Within each block, N fertilizer rate and swardnot result in a chopping of the grass, only clipping at the height treatments were arranged in a split plot. Nitrogen fertilrespective height. Raking removed the fresh, clipped grass izer rate treatments were randomly arranged as whole plots. lying on top of the canopy but did not disturb existing litter.
Sward height treatments were randomly arranged within each Clipping was terminated before legume seedlings reached 5 cm N fertilizer rate as subplots. Every block consisted of 12 plots. in height.
We considered the effects of landscape position, N, and sward Our goal with the sward height and N fertilizer rate treatheight fixed and replications random. We conducted an analyments was to establish several levels of competition. Because sis of variance to test these effects by using F ratios for splitsward height treatments were used only to reduce competition plot experiments arranged in a randomized complete block from existing grasses, sward heights or yields of grass were design (McIntosh, 1983) . Because interactions of treatments not measured at the time of clipping. We clipped the 5-cm and years occurred, the analysis of variance was conducted height treatment frequently to inhibit grass competition. The by year (Table 1) . Significance was defined at P Յ 0.05. How-13-cm height treatment was cut less frequently and the uncut sward not at all to establish the different levels of competition.
ever, if treatment effects were significant at P Յ 0.10 in one 
Survival
were similar to their effects on overall legume emergence (Table 2) .
Landscape Position Effects
Landscape position and sward height interactions afNitrogen Fertilization Effects fected overall legume survival in 1998 and 1999 (Table 1 ). In swards cut at 5 cm, overall legume survival Nitrogen fertilization did not affect overall legume emergence in swards cut at 5 cm in 1998 or 1999 nor in was greater on backslopes than on summits by 69 plants m Ϫ2 in 1998 and 173 plants m Ϫ2 in 1999 (Table 3 ). In swards cut at 13 cm in 1998 (Table 2) . Addition of N from 0 to 89 kg ha Ϫ1 reduced overall legume emergence swards cut at 13 cm and in uncut swards, overall legume survival was, on average across years, greater on backby 68% in swards cut at 13 cm in 1999. In uncut swards, addition of N from 0 to 89 kg ha Ϫ1 reduced overall slopes than on summits by 60 and 22 plants m
Ϫ2
, respec- tively (Table 3) . Red clover had the greatest survival of fertilizer decreased overall legume survival. Similar results occurred for red clover and birdsfoot trefoil as the legume species and was affected similarly by landscape position as overall legume survival in 1998 and overall legume survival in 1999. Survival of alfalfa decreased with increased N fertilization at all sward 1999.
Survival of alfalfa and birdsfoot trefoil was similar heights in 1999. Nitrogen fertilization did not affect red clover, alfalfa, or birdsfoot trefoil survival in 1998 among summits and backslopes in 1998 (Table 3) . In 1999, alfalfa survival was 24 plants m Ϫ2 greater on back- (Table 1) . slopes than on summits in plots cut at 5 cm but similar among landscape positions in swards cut at 13 cm and Sward Height Effects in uncut swards. Birdsfoot trefoil survival was also
Overall legume survival was greatest in swards cut at greater on backslopes than on summits in plots cut at 5 cm (Table 3) . Across years, overall legume survival 5 cm (Table 3 ) and in unfertilized swards cut at 13 cm on summits was 46 and 58 plants m Ϫ2 greater in swards in 1999 (data not shown).
cut at 5 cm than in swards cut at 13 cm and in uncut swards, respectively. On backslopes in 1998 and 1999, Nitrogen Fertilization Effects respectively, overall legume survival was greater in Overall legume survival was also affected by a landswards cut at 5 cm than swards cut at 13 cm by 55 and scape position and N fertilization interaction in 1999.
159 plants m Ϫ2 and greater in swards cut at 5 cm than Neither N main effects nor the landscape position and N uncut swards by 101 and 213 plants m Ϫ2 . Individually, interaction on overall legume survival were statistically survival of each legume species also decreased with insignificant in 1998 (Table 1) . In both years, addition of creased sward height in 1998 and 1999 (Table 3) . N from 0 to 44 kg ha Ϫ1 reduced overall legume survival similarly on summits and backslopes (Fig. 1) . Across Sward Leaf Area Index these rates, overall legume survival was greater on backLeaf area index of the grass sward increased at a slopes than on summits by 64 plants m Ϫ2 in 1998 and greater rate on summits than on backslopes. From 1 to 105 plants m Ϫ2 in 1999. When N fertilization increased 22 June 1998, LAI increased from 3.0 to 4.7 on summits to 89 kg ha
Ϫ1
, overall legume survival declined on backand from 2.3 to 2.9 on backslopes (Table 5) . Similar slopes to 39 plants m Ϫ2 across years, a density similar results occurred between 22 June and 16 July 1999. Leaf to that on summits (Fig. 1) .
area index also increased with addition of N fertilizer The effect of N fertility on overall legume survival (Table 5 ). Landscape position and N fertilizer rate interalso varied with sward height in 1999. In swards cut at actions did not occur, however. Cutting at a greater 5 cm, overall legume survival increased from 155 plants height also increased LAI of the grass sward in 1998 m Ϫ2 at 0 kg ha Ϫ1 N to 217 plants m Ϫ2 at 22 kg ha Ϫ1 N (Table 4 ). In 13-cm and uncut swards, addition of N and 1999 (Table 5) . 9.6 † SE by year and legume species for comparison of two N fertilizer rate means at the same or different sward height. ‡ SE by year and legume species for comparison of two sward height means at the same N fertilizer rate. DISCUSSION (Ballaré et al., 1990 ) that reaches seedlings at ground level. Seedling survival rather than emergence limits estabOverall legume survival may have been greater lishment of legumes on summit positions in pastures.
among plots cut at 5 cm on backslopes in 1999 than in Repeated defoliation of the swards to 5 cm improved 1998 because of reduced soil fertility and competition legume survival on summits; however, relative to backfrom existing grasses. We did not measure soil nutrient slopes, survival on summits remained low. In swards cut status, but as mentioned previously, the pasture in which at 5 cm, overall legume survival on summits was less this experiment was established was fertilized and modthan on backslopes by 69 plants m Ϫ2 in 1998 and 173 erately grazed before 1998. During 1998, however, the plants m Ϫ2 in 1999 (Table 3) . Overall legume survival sod adjacent to the plots was mowed and raked but not was greater on backslopes than on summits in swards fertilized. In 1999, the plots were established ≈3 m away cut at 5 and 13 cm despite similar legume emergence from the 1998 plots. The abundance of litter before among these positions at these sward heights. Only seeding was probably similar among 1998 and 1999 when swards remained uncut was emergence limited on plots; however, soil fertility levels may have been lower summits relative to backslopes. Emergence on summits in 1999 plots. Under conditions of reduced competition was less than on backslopes by 686 plants m Ϫ2 in uncut and soil fertility, addition of N at 22 kg ha Ϫ1 also may swards fertilized at 22 kg ha Ϫ1 N in 1998 and 1003 plants have positively benefited legume survival within the m Ϫ2 in uncut swards at 0 kg ha Ϫ1 N in 1999 (Table 2) . 5-cm cut plots without increasing grass competition or Our results support those of , diminishing nodule formation in 1999 (Table 4) . who found forage mass of legumes in pastures was 179
Reducing competition from grass before and after kg ha Ϫ1 greater on backslopes than on summits.
seeding of legumes is necessary to support legume emerReduced grass competition improved legume survival gence if planting is delayed following N fertilization. on backslope positions. In 1998 and 1999, respectively, Overall legume emergence was not affected by sward 132 and 234 plants m Ϫ2 survived in swards cut at 5 cm height in 1998 but was reduced by 61 to 98% in swards compared with 21 and 31 plants m Ϫ2 in uncut swards left uncut compared with swards cut at 5 cm in 1999 (Table 3) . By repeatedly cutting the sward to 5-and (Table 2) . Wet field conditions delayed planting until 13-cm heights, grass LAI was reduced throughout June 30 d after N application in 1999. Within uncut swards and July, months during which legume seedlings were and swards fertilized at 44 to 89 kg ha Ϫ1 N, light availabilearly in development (Table 5) . Greater leaf area from ity most likely limited legume emergence. Increased grasses limits establishment of legumes in pastures by etiolation of legume seedlings as N fertilization rates limiting the photosynthetic photon flux (Trott et al., 1988) and altering the ratio of red to far-red wavelengths increased under 13-cm and uncut swards was observed.
Overall legume survival, however, did not appear to be grasslands because accumulated litter and lower light penetration inhibits germination and/or survival of seedaffected by the delay in planting as survival was similar lings (Tilman, 1993) . Previous research has shown that among uncut swards and swards fertilized at 44 to 89 red clover is affected less by low availability of light kg ha Ϫ1 N in 1998 and 1999. than alfalfa and birdsfoot trefoil (Gist and Mott, 1957) . Nitrogen fertilization further escalated competition It remains unknown, however, as to how emergence from grass, and the negative effect on legume establishand survival of these legumes might be affected were ment was greater when sward heights were not minithey to be sown as a mixture in pastures with different mized. Nitrogen fertilization is known to favor grasses limiting conditions. over legumes and is not a recommended practice to Our study shows that legume establishment is limited maintain legumes in pastures (Heichel, 1985) . When N by seedling survival on summit positions in pastures. fertility is high, nodule formation and N 2 fixation of Establishment of legumes is successful on backslopes legumes is inhibited (Heichel, 1985) , and grasses combecause of less competition from grass. Increased sward pete more successfully with legumes (Schwinning and height and N fertility enhance grass competitiveness, Parsons, 1996) . We found that N fertilizer did not affect thus reducing both emergence and survival of legumes emergence in 1998 or 1999 when swards were repeatedly in pastures. We recommend legumes be seeded on backcut at 5 cm before and after seeding. Nitrogen fertilizer, slope landscape positions in pastures and that N fertilhowever, reduced legume emergence in 13-cm and unizer not be applied, and sward heights be reduced becut swards. Overall legume survival was also affected fore seeding. less by N fertilization in 5-cm swards than in 13-cm and uncut swards.
